Eoetvoesia caeni gen. nov., sp. nov., isolated from an activated sludge system treating coke plant effluent , was isolated on phenol-supplemented inorganic growth medium from a laboratory-scale wastewater purification system that treated coke plant effluent. 16S rRNA gene sequence analysis revealed that strain PB3-7B
Bacterial community analysis of a laboratory-scale activated sludge system previously revealed some isolates that showed relatively low pairwise similarity in their partial 16S rRNA gene sequences to species with validly published names (Felföldi et al., 2010) . Two of these strains have since been assigned to the novel species Ottowia pentelensis (Felföldi et al., 2011) and Hephaestia caeni (Felföldi et al., 2014) . This study is aimed at the polyphasic characterization of another isolate, PB3-7B
T . Based on the results obtained, this strain is shown to represent a novel genus and species of the family Alcaligenaceae.
Strain PB3-7B
T was isolated from activated sludge of a reactor that treated coke plant effluent at Eötvös Loránd University, Budapest, Hungary (Felföldi et al., 2010) . The standard dilution plating technique was applied to obtain strains from an inorganic growth medium (MP agar; Geng et al., 2006) which was supplemented with 100 mg phenol l
21
. According to the tests performed by Felföldi et al. (2010) , the novel strain was unable to grow on tryptic soy agar (TSA; Merck) plates containing 250 mg phenol l 21 or in MP medium with 400 mg phenol l 21 as the sole carbon source. This strain represented a minor component of the total bacterial community, since no closely related genotype was detected during 105 days of monitoring of the bioreactor by molecular microbiological methods (Felföldi et al., 2010) . Strain PB3-7B T was maintained on TSA for detailed taxonomic analysis at 28 u C. The following type strains for side-by-side analyses were maintained at the same temperature: Parapusillimonas granuli LMG 24012 T on R2A agar (Merck), Pusillimonas noertemannii DSM 10065 T and Pusillimonas ginsengisoli JCM 14767 T on nutrient agar (DSMZ medium 1) and Pusillimonas soli JCM 16386 T and Candidimonas bauzanensis DSM 22805 T on TSA. Temperature, pH and NaCl concentration optima were determined in tryptic soy broth (TSB; Merck) based on the growth intensity observed at 4, 20, 25, 37 and 45 u C, at pH 2-13 (at intervals of 0.5 pH units, buffered with citrate and glycine) and at 0, 1.5, 2.5, 5.0 and 7.5 % (w/v) NaCl.
Colony morphology of strain PB3-7B
T was examined on TSA by direct observation of single colonies. Cell morphology and motility were studied with native preparations and with Gram staining according to Claus (1992) . The presence of flagella was demonstrated as described by Heimbrook et al. (1989) . Oxidase activity was examined as described by Tarrand & Gröschel (1982) , while catalase, Voges-Proskauer and methyl red reactions were studied as described by Cowan & Steel (1974) . Urease and phosphatase activities, starch hydrolysis, nitrate reduction, hydrolysis of Tween 80 and indole production from tryptophan were studied as described by Smibert & Krieg (1994) . Acid production from D-glucose was checked by the oxidative and fermentative test according to Hugh & Leifson (1953) . Additional metabolic tests were performed with the API 50 CH and API ZYM systems (bioMérieux) following the instructions given by the manufacturer.
Analyses of cell-wall diamino acids, isoprenoid quinones, cellular fatty acids and polar lipids and the determination of DNA base composition were performed as described by Felföldi et al. (2011) . Sample preparation for matrix-assisted laser-desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) protein analysis was carried out as described by Tó th et al. (2008) . Fully automated ribotyping of EcoRI-digested samples was performed with a RiboPrinter system (DuPont Qualicon) as reported by Schumann & Pukall (2013) .
The 16S rRNA gene sequence of strain PB3-7B
T was determined using the procedure described previously (Felföldi et al., 2011) . Sequence alignment with sequences of the closest related type strains was conducted with SINA (Pruesse et al., 2012) . Phylogenetic analysis including the search for the best-fit model was carried out with the MEGA5 software (Tamura et al., 2011) .
Sequencing of the 16S rRNA gene of strain PB3-7B T resulted in a sequence of 1453 nt. The closest related type species were identified by the EzTaxon-e server (Kim et al., 2012) T . These values are slightly higher than the general threshold (~95 %) suggested by Tindall et al. (2010) for establishing a separate genus; however, closely related genera within the family Alcaligenaceae have been described recently with comparable 16S rRNA gene sequence similarities [e.g. the type strain of the type species of Candidimonas shared 97.8 % pairwise similarity (Vaz-Moreira et al., 2011) , that of Parapusillimonas shared 97.3 % pairwise similarity and that of Paralcaligenes shared 97.1 % pairwise similarity (Kim et al., 2011) with the closest type strains in the corresponding genus descriptions]. Additionally, with a significantly higher value (97 %) as suggested by Tindall et al. (2010) for the species threshold, novel species have been described recently within this group [e.g. the type strain of Candidimonas humi showed 99.1 % similarity to that of Candidimonas nitroreducens (Vaz-Moreira et al., 2011) and the type strain of Pusillimonas soli showed 98.6 % similarity to the type strain of Pusillimonas ginsengisoli (Lee et al., 2010) ]. Consequently, as was assumed previously by several authors (Blümel et al., 2001; Stolz et al., 2005) , higher thresholds (even around 97-98 %) should be used for the differentiation of genera within the family Alcaligenaceae. These data also agree with the general recommendations of Stackebrandt & Ebers (2006) and Kim et al. (2014) to increase the species threshold to the level of 98.7-99.0 % 16S rRNA gene sequence similarity. Phylogenetic analysis of the 16S rRNA gene resulted in a distinct lineage for strain PB3-7B T without any obvious clustering with related type strains of the family Alcaligenaceae (Fig. 1) . Signature nucleotide analysis was also performed, which similarly supported the proposal of a new genus, since the type strains of related genera differed from strain PB3-7B
T at positions 83, 85, 624 : 616, 1256, 1283, 1308 and 1329 (Table S1 , available in the online Supplementary Material).
Cells of strain PB3-7B T were Gram-negative, motile, aerobic and mesophilic with a characteristic heterotrophic metabolism (Table 1 and Fig. S1 ). Based on the results of phenotypic and biochemical investigations (Table 1) , strain 
Characteristic
1 2 3 4 5 6 Phosphatase activity 2 2 2 2 + 2 Voges-Proskauer reaction 2 2 2 2 2 + Methyl red reaction 2 2 2 2 2 + Urease activity + 2 2 2 2 2 Starch hydrolysis 2 2 2 2 + 2 Tween 80 hydrolysis 2 + 2 2 2 2 Fermentative acid production
PB3-7B
T could also be distinguished from the studied type strains of the genera Pusillimonas, Parapusillimonas and Candidimonas, since the novel strain was positive for urease activity and was capable of assimilation of glycerol and amygdalin, in contrast to the negative results observed with all closely related type strains.
The predominant quinone of PB3-7B
T was ubiquinone Q-8 (94.7 %); Q-6, Q-7, Q-9 and an unknown component were also detected in minor amounts (1.6, 1.4, 0.5 and 1.6 %, respectively). The fatty acid pattern of strain PB3-7B
T was dominated by C 16 : 0 , C 17 : 0 cyclo, C 19 : 0 cyclo v8c and C 14 : 0 3-OH, while C 12 : 0 , C 10 : 0 and C 18 : 0 were present as minor components (Table 2 ). Comparing PB3-7B
T with the strains showing the greatest 16S rRNA gene sequence similarity, the most prominent difference is that all these strains lacked C 10 : 0 , while other fatty acids that were present in some related type strains (e.g. C 16 : 1 v7c and C 18 : 1 v7c) were completely absent from PB3-7B
T . On the other hand, the dominance of C 17 : 0 cyclo in PB3-7B T and the genomic DNA G+C content of 59.7 mol% (Tables 2  and 3 ) placed the novel strain in the high-G+C-content subgroup of the family Alcaligenaceae (Stolz et al., 2005; Busse & Stolz, 2006) .
The polar lipid pattern of strain PB3-7B
T was rather complex, with the dominance of phosphatidylglycerol, phosphatidylethanolamine and aminolipids, while diphosphatidylglycerol and unknown aminophospholipids, lipids and phospholipids were also detected (Fig. S2) . Such a heterogeneous pattern distinguishes PB3-7B
T from the most closely related (on the basis of 16S rRNA gene sequence similarity) type strain Parapusillimonas granuli Ch07 T , which possessed only four polar lipids in detectable amounts: phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol and phosphatidylmethylethanolamine (Vaz-Moreira et al., 2011; Zhang et al., 2012) . Furthermore, phosphatidylmethylethanolamine was present in most related species, but absent from strain PB3-7B T (Table 3) .
Automated ribotyping can contribute to the polyphasic characterization and differentiation of type strains by the detection of discriminatory band patterns (Schumann & Pukall, 2013) , and Clermont et al. (2001) demonstrated its usefulness for identification of members of the family Alcaligenaceae. EcoRI riboprints corresponded with the results of the above-mentioned chemotaxonomic analyses, since the pattern of strain PB3-7B
T was significantly different from those of representative type strains of the genera Pusillimonas, Parapusillimonas and Candidimonas (Fig. S3) .
The DNA G+C content of 59.7 mol% (HPLC) of strain PB3-7B
T falls within the range reported for the genus Pusillimonas, but is lower by 8 mol% than the corresponding value for Parapusillimonas granuli Ch07 T and higher than the DNA G+C contents of Paralcaligenes ureilyticus GR24-5 T (Table 3) .
Based on the comparative data presented in this study (Fig.  1, Table 3 ), strain PB3-7B T is considered to represent a novel genus and species within the family Alcaligenaceae, for which the name Eoetvoesia caeni gen. nov., sp. nov. is proposed.
Description of Eoetvoesia gen. nov.
Eoetvoesia [Eoet.voe9si.a. N.L. fem. n. Eoetvoesia of Eötvös; named after baron Loránd Eötvös (1848-1919) (commonly called Roland von Eötvös in English), the Hungarian physicist after whom the university where the type strain of the type species was isolated is named].
Cells are Gram-negative, motile rods. Colonies are beige. Aerobic and mesophilic. Oxidase-and catalase-positive. The major respiratory quinone is Q-8. Major cellular fatty acids are C 16 : 0 , C 17 : 0 cyclo, C 19 : 0 cyclo v8c and C 14 : 0 3-OH. Polar lipids are dominated by phosphatidylglycerol, phosphatidylethanolamine and unknown aminolipids. The type species is Eoetvoesia caeni. Description of Eoetvoesia caeni sp. nov.
Eoetvoesia caeni (cae9ni. L. gen. n. caeni of mud, referring to the isolation of the type strain from activated sludge).
Displays the following properties in addition to those described for the genus. Cells are 0.4-0.760.7-1.8 mm.
Colonies on TSA are circular and raised, with a diameter of 1-2 mm. Growth occurs at pH 6-9 (optimum pH 6-7) and 0-5.0 % NaCl (optimum 0-1.5 %). Negative for reduction of nitrate to nitrite or ammonia; not capable of denitrification. Negative for phosphatase activity, starch hydrolysis, Voges-Proskauer and methyl red reactions, oxidative and fermentative acid production from D-glucose and indole production. Positive for urease activity. Of the carbon sources in the API 50 CH test, only glycerol and amygdalin are assimilated. Positive for esterase (C4), leucine arylamidase, acid phosphatase, naphthol-AS-BIphosphohydrolase and esterase lipase (C8) and negative for alkaline phosphatase, lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities.
The type strain is PB3-7B T (5DSM 25520 T 5NCAIM B 02512 T ), which was isolated from activated sludge. The G+C content of the genomic DNA of the type strain is 59.7 mol%. Zhang et al. (2012) , but negative for the same type strain in our analysis.
DPositive for Pusillimonas harenae. dNot tested for Candidimonas humi. §Candidimonas nitroreducens also contained C 10 : 0 2-OH and iso-C 17 : 0 3-OH; in Candidimonas bauzanensis, C 16 : 0 2-OH and C 16 : 1 2-OH were not detected; Pusillimonas noertemannii also contained C 12 : 0 2-OH, C 18 : 1 2-OH and C 16 : 0 3-OH. ||DPG, Diphosphatidylglycerol; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PME, phosphatidylmethylethanolamine; AL, unknown aminolipid(s); APL, unknown aminophospholipid(s); GL, unknown glycolipid; PL, unknown phospholipid(s); L, unknown lipid(s). Zhang et al. (2012) proposed that an APL detected in Candidimonas nitroreducens and Candidimonas humi and the sole APL detected in Parapusillimonas granuli was similar to PME. # Genomic DNA G+C content was determined by reversed-phase HPLC (Tamaoka & Komagata, 1984; Mesbah et al., 1989) for all strains except for Pusillimonas noertemannii DSM 10065 T and Candidimonas bauzanensis DSM 22805 T , where the thermal denaturation method (Auling et al., 1986; Zhang et al., 2012) was applied.
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